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INFORMATION PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an information processing 

apparatus, and more particularly to a technology for reducing power 
consumption in an information processing apparatus that has an 
oscillating circuit. 

10 Description of the Related Art 

A small sized portable electronic apparatus usually works on 
batteries. Therefore, in order to extend the life of the battery, one-chip 
microcomputers used in this kind of small sized portable electronic 
apparatus are desired to be able to operate in low voltage and to be of 
15 low power consumption. 

In order to realize this, one-chip microcomputers are usually 
driven at an operating voltage of around 1 voltage and at an operating 
frequency of around 32 kHz. 

However, when small sized portable electronic equipment is 
20 required to have an information processing capability to some extent, 
the operating frequency of 32 kHz is not enough for processing 
information. 

In order to solve this problem, a twin-clock microcomputer that 
has an oscillating circuit with a low operating frequency of around 32 
25 kHz and an oscillating circuit with a high operating frequency of around 
4 MHz is proposed. In this twin-clock microcomputer, when high speed 
processing is required the microcomputer is driven at a high speed 
operating frequency, otherwise it is driven at a low speed operating 
frequency. 

30 Operating frequency and power consumption is in a roughly 

proportional relationship, for that reason high speed processing is not 
desirable from the viewpoint of power consumption. 

However, recently, there is a demand for high speed information 
processing in small sized portable electronic apparatus, and at the same 

35 time much less power consumption is desired. 

Summary of the Invention 

Accordingly, it is an object of the present invention to provide an 
information processing apparatus that has capabilities of lowering 

40 power consumption and achieving high speed information processing. 

In order to achieve the above mentioned problem, the present 
invention provides an information processing apparatus comprising: a 
first oscillating circuit for generating a first clock signal, the first 
oscillating circuit being capable of operating until a power supply 

45 voltage reaches a first lowest operating voltage; a second oscillating 
circuit for generating a second clock signal, the second oscillating 
circuit being capable of operating until the power supply voltage reaches 
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a second lowest operating voltage that is higher than the first lowest 
operating voltage; a switching circuit that, based on the power supply 
voltage, selects either the first clock signal or the second clock signal to 
output as a clock signal; and an information processing unit, in 
5 synchronism with the clock signal, for performing information 
processing. 

According to the above configuration, the first oscillating circuit 
generates the first clock signal and outputs it to the switching circuit. 

The second oscillating circuit generates the second clock signal 
10 and outputs it to the switching circuit. 

The switching circuit, based on the power supply voltage, 
outputs either the first clock signal or the second clock signal as the 
clock signal. 

By this, the information-processing unit executes various 
Q 15 information processing based on the clock signal. 

;J3 As a power supply, a normal power supply such as a battery or a 

jB constant-voltage regulated power supply such as a voltage regulator 

;~ may be used. 

Also, the present invention is characterized by providing an 
i^j 20 information processing apparatus comprising: a first oscillating circuit 
lj that generates a first clock signal by using oscillation and has a first 

oscillation stability time, the first oscillation stability time being a time 
o required for the first oscillating circuit becoming stable from a 

|aJ beginning of the oscillation of the first oscillating circuit; a second 

^ 25 oscillating circuit that starts oscillating concurrently with the first 
^ oscillating circuit, generates a second clock signal by using oscillation, 

:~ and has a second oscillation stability time, the second oscillation 

~ stability being a time required for the second oscillating circuit 

becoming stable from a beginning of the oscillation of the second 
30 oscillating circuit, and being longer than the first oscillation stability 
time; a switching circuit for, based on an elapsed time from the 
beginning of the oscillation, outputting either the first clock signal or 
the second clock signal as the clock signal; and an information 
processing unit for, in synchronism with the clock signal, performing 
35 information processing. 

By the above configuration, the first oscillating circuit generates 
the first clock signal and outputs it to the switching circuit. 

The second oscillating circuit generates the second clock signal 
and outputs it to the switching circuit. 
40 By this, the information-processing unit executes various 

information processing based on the clock signal. 

Also, the present invention is characterized by providing a 
control method for an information processing apparatus, the 
information processing apparatus comprising: an information 
45 processing unit for, based on a clock signal, carrying out various 
information processing operations; a first oscillating circuit that 
generates a first clock signal and is able to operate until power supply 
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voltage reaches a first lowest operating voltage, a second oscillating 
circuit that generates a second clock signal and is able to operate until 
the power supply voltage reaches a second lowest operating voltage that 
is higher than the first lowest operating voltage; a switching circuit for, 
based on the power supply voltage, outputting either the first clock 
signal or the second clock signal as the clock signal; and the control 
method comprising: determining power supply voltage; outputting by 
the switching circuit the first clock signal as the clock signal when the 
power supply voltage is equal to or higher than the first lowest operating 
voltage and lower than the second lowest operating voltage; and 
outputting by the switching circuit the second clock signal as the clock 
signal when the power supply voltage is higher than the second lowest 
operating voltage. 

By the above configuration, during determining power supply 
voltage, power supply voltage is determined. 

During outputting the first clock signal, when the power supply 
voltage determined during determining power supply voltage is equal to 
or higher than the first lowest operating voltage and lower than the 
second lowest operating voltage, the switching circuit outputs the first 
clock signal as the clock signal. 

During outputting the second clock signal, when the power 
supply voltage is equal to or higher than the second lowest operating 
voltage, the switching circuit outputs the second clock signal as the 
clock signal. 

Also, the present invention is characterized by providing a 
control program executed by an information processing apparatus, the 
information processing apparatus comprising: an information 
processing unit for, based on a clock signal, carrying out various 
information processing operations; a first oscillating circuit that 
generates a first clock signal and is able to operate until power supply 
voltage reaches a first lowest operating voltage, a second oscillating 
circuit that generates a second clock signal and is able to operate until 
the power supply voltage reaches a second lowest operating voltage that 
is higher than the first lowest operating voltage; and a switching circuit 
for, based on the power supply voltage, outputting either the first clock 
signal or the second clock signal as the clock signal; and the control 
program comprising the routines of: determining the power supply 
voltage; outputting to the switching circuit the first clock signal as the 
clock signal when the power supply voltage is equal to or higher than 
the first lowest operating voltage and is lower than the second lowest 
operating voltage; and outputting to the switching circuit the second 
clock signal as the clock signal when the power supply voltage is higher 
than the second lowest operating voltage. 

By the above configuration, the control program makes the 
information processing apparatus determine power supply voltage, 
when the power supply voltage is equal to or higher than the first lowest 
operating voltage and lower than the second lowest operating voltage, 
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makes the switching circuit output the first clock signal as the clock 
signal, and when the power supply voltage is equal to or higher than the 
second lowest operating voltage, makes the switching circuit output the 
second clock signal as the clock signal. 

5 

Brief Description of the Drawings 

FIG. 1 is a plan view that shows a configuration of a watch-type 
information processing apparatus and a station of a first embodiment. 
10 FIG. 2 is a section view taken on line A-A in Fig. 1. 

FIG. 3 is a front view of a watch-type information processing 
apparatus according to an embodiment of the present invention. 

FIG. 4 is a diagram that shows a state of the information 
processing apparatus whose turning bezel is removed. 
□ 15 FIG. 5 is a section view taken on line IV-IV in Fig. 3. 

0 FIG. 6 is a diagram that shows the underside of the turning 

IrH bezel. 

;Jt FIG. 7 is a diagram that explains a relation between an optical 

pattern made on the turning bezel and a first detection signal or a 
jjj 20 second detection signal. 

y FIG. 8 is a schematic configuration block diagram of the watch- 

es type information processing apparatus. 

|3 FIG. 9 is a detailed configuration block diagram of the oscillator 

;«f unit in the information processing apparatus. 

[}* 25 FIG. 10 is a detailed configuration diagram of the crystal quartz 

.S{ oscillating circuit in the oscillator unit. 

(2 FIG. 11 is a detailed configuration diagram of the CR oscillating 

circuit in the oscillator unit. 

FIG. 12 is a detailed configuration diagram of the PLL oscillating 
30 circuit in the oscillator unit. 

FIG. 13 is a detailed configuration block diagram of the voltage 
generating unit in the information processing apparatus. 

FIG. 14 is a detailed configuration block diagram of the input 
information-processing unit in the information processing apparatus. 
35 FIG. 15 is a processing timing chart showing time keeping 

operation and switching operation of the information processing 
apparatus. 

FIG. 16 is a processing timing chart showing operation of the 
information processing apparatus when power supply voltage declines. 
40 FIG. 17 is a schematic block diagram of a PLL oscillating circuit 

of the embodiment. 

FIG. 18 is a detailed block diagram of a phase comparator and a 
charge pump that is connected to latter part of the PLL oscillating 
circuit. 

45 FIG. 19 is a timing chart showing the operation of the phase 

comparator and the charge pump. 

FIG. 20 is an explanatory diagram of the LPF. 
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FIG. 21 is a detailed block diagram of the voltage controlled 
oscillator (VCO). 

FIG. 22 is an explanatory diagram for the lockup time of the PLL 
oscillating circuit of the second embodiment. 
5 FIG. 23 is an explanatory diagram for the lockup time of the 

conventional PLL oscillating circuit. 

FIG. 24 is a schematic configuration block diagram of a 
modification of the second embodiment. 

10 DETAILED DESCRIPTION 

With reference to drawings, preferred embodiments of the 
present invention will be described below. 
[1] FIRST EMBODIMENT 

[1.1] CONFIGURATION OF THE FIRST EMBODIMENT 
^ 15 [1.1.1] MECHANICAL CONFIGURATION 

;£j Fig. 1 shows a plan view of a watch-type information processing 

iH apparatus and a station according to the first embodiment. In Fig. 1, a 

j*y watch-type information processing apparatus 200 has a secondary 

battery as a power source and receives power from the secondary 
ri 20 battery, thereby able to function as a watch and an information 
3 processing apparatus. In more detail, the watch-type information 

„ processing apparatus 200, when used normal way, is worn on a user's 

□ wrist, displays date and time on a display section 204, and has an 

IjJ information-processing function that periodically measures and stores 

Ty 25 biological information such as pulse rate and heart rate by using sensor 
5 (not shown). The station 100 is a device used for charging the 

|~ secondary battery of the watch-type information processing apparatus 

200 and for data transferring with the watch-type information 
processing apparatus 200. The station 100 has a concave portion 101 
30 which is slightly bigger than the body 20 1 and a band 202 of the watch- 
type information processing apparatus 200. The watch-type 
information processing apparatus 200 is embedded in the concave 
portion 101. 

The station 100 comprises various input units such as a charge 
35 start button 1031 for starting the charging and a transfer start button 
1032 for starting the data transferring, and a display unit 104 for 
carrying out various display. 

Fig. 2 is a section view taken on line A-A in Fig. 1 . As shown in 
Fig. 2, the underside of the body 201 of the watch- type information 
40 processing apparatus 200 is closed with a back cover 212. The watch- 
type information processing apparatus 200 is embedded in the station 
100 in a manner by which the back cover 212 and the bottom of the 
concave portion 101 face each other. In a space inside the back cover of 
the body 201 is a circuit board 221 and the secondary battery 220 
45 which provides the circuit on the circuit board 221 with power supply 
voltage. The back cover 212 has an opening which is closed by a cover 
glass 211. On the surface of the inner part of the cover glass 2 1 1 , a 
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watch-side coil 210 for data transferring and charging is placed. 

On the other hand, at the bottom of the concave portion 101 of 
the station 100, there is space accommodating a circuit board 121. The 
board 121 is connected to the charge start button 103A, the transfer 
5 start button 103B, the display unit 104, and a primary battery (not 
shown). At the roof of the space is an opening which is closed with a 
cover glass 111. Inside the cover glass, a station-side coil 110 is fixed. 
The station-side coil 110 faces the watch-side coil 210 of the body 
through the cover glass 111 of the station 100 and the cover glass 211 
10 of the body. 

In this way, in a case where the watch-type information- 
processing apparatus 200 is placed in the station 100, the station-side 
coil 110 is not in physically contact with the watch- side coil 210 
because of the cover glasses 111 and 211. However, the coils 110 and 
□ 15 210 are in electromagnetic contact with each other, because the coils 
0 are placed in almost parallel. 

Sj The station-side coil 110 and the watch-side coil 210 are of 

^ magnetic coreless type in order to avoid magnetization of the watch 

mechanism section, weight increase of the watch, and exposure of 
s j 20 magnetic metal. However, if the invention is applied to an electronic 
j apparatus to which the above matters are not important, coils with 

magnetic core may be used. However, when signal frequency provided 
3 to coil is high enough, a coreless coil works well enough, 

■j- FIG. 3 is a front view of a watch-type information processing 

f 25 apparatus. On the front side (on near side of the drawing sheet) of the 
body 201, a circle shaped turning bezel 202 is placed so that the 
: turning bezel 202 can slide on the body 201. On the turning bezel 202, 

characters (such as alphabetic characters, Japanese syllabaries, and/ or 
numeric characters) are placed at regular intervals by printing. 
30 Inside the turning bezel 202, a cover glass 203 is attached. 

Below the cover glass 203 (on the far side of the drawing sheet), the 
display section 204 is fixed that displays information input to the 
watch-type information processing apparatus 200. On the upper side of 
the display section 204, an indicator mark 209 is formed by printing or 
35 the other method. The indicator mark 209 indicates one of the 
characters on the turning bezel 202. Around the body 201, a 
confirmation switch 205, a delete switch 206, a sonant mark switch 
207, and a starting point switch 208 are built. These switches may be 
built on the cover glass 203. 
40 FIG. 4 is a diagram that shows a state of the information 

processing apparatus 200 whose turning bezel 202 is removed. FIG. 5 
is a section view taken on line IV- IV in Fig. 4. As shown in Figs. 4 and 
5, on the body 201, a gutter 34 is formed along the circle. On the other 
hand, as shown in Fig. 5, on the undersurface of the turning bezel 202 
45 is formed a protrusive line 46 that protrudes towards inner side of the 
body. The protrusive line 46 is engaged to the gutter 34 in order to be 
able to slide. Between the right side of the turning bezel in Fig. 5 and 
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the body 201, an O-ring 47 is built in. The O-ring 47 prevents water 
and light from entering the inner part of the watch-type information 
processing apparatus 200. 

As shown in Fig. 4, holes 31a and 31b are formed on the body 
5 201. In the holes 31a and 31b, a first sensor unit 32 and a second 
sensor unit 33 are placed respectively. In this case, the first sensor unit 
32 and the second sensor unit 33 are placed so that the angle between 
the line from the rotation center O of the turning bezel 202 to the first 
sensor unit 32 and the line from the rotation center O of the turning 
10 bezel 202 to the second sensor unit 33 becomes 91. Details of the angle 
01 will be described later. 

The first sensor unit 32 is placed under (far side of the drawing 
sheet of Fig. 4) a character indicated by the indicator mark 209 (in Fig. 
4, the character is "A"). 
i3 15 As shown in Fig. 5, on the undersurface of the turning bezel 

C 202, optical pattern 41 is formed in a location that corresponds to 

Iff character on the turning bezel 202. Below the surface where the optical 

! ~ pattern 41 is formed, a sensor cover glass 42 is attached to the body 

201. Between the body 201 and the sensor cover glass 42, a packing 43 
jjj 20 is put in. By this, it is possible to prevent water and other stuff from 
entering below the sensor cover glass 42. 

Below the sensor cover glass 42, the first sensor unit 32 is 
3 placed. The first sensor unit 32 comprises an light emitting diode (LED) 

^ ' 44, a photodiode 45, a light blocking plate 44a which is placed between 
jf 25 the LED 44 and the photodiode 45, and a base plate 48. The LED 44 
S; emits a first detection light LI to the optical pattern 41. The photodiode 

^ 45 receives reflected light. Based on the received first detection light LI, 

the first sensor unit 32 generates a first detection signal A. 

The second sensor unit 33 comprises an LED, and a photodiode, 
30 a light blocking plate, and a base plate, those components being similar 
to those of the first sensor unit 32. The LED emits a second detection 
light L2 to the optical pattern 41. The photodiode receives reflected 
light. Based on the received second detection light L2, the second 
sensor unit 33 generates a second detection signal B. 
35 Below the base plate 48 of the first sensor unit 32, a contact 

spring 49 is built. The contact spring 49 electrically connects the first 
sensor unit 32 and the second sensor unit 33 to a CPU of the watch- 
type information processing apparatus 200. Instead of the contact 
spring 49, lead wires may be used. 
40 In this way, the first detection signal and the second detection 

signal B are counted by an information processing unit 81 shown in 
Fig. 14 (which is later described). By this, rotation angle and rotation 
direction of the turning bezel 202 is determined. 
[1. 1.2] ABOUT OPTICAL PATTERN 
45 Next, the optical pattern 41 will be described. FIG. 6 is a 

diagram that shows the underside of the turning bezel 202, the 
underside functions as a reflective member. As shown in Fig. 6, on the 
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underside of the turning bezel 202, the optical pattern 41 is formed 
along the circle line, the optical pattern 41 having an alternately 
repetitive pattern of an absorption region 41a that absorbs light emitted 
by the LED 44 and a reflection region 41b that reflects light emitted by 
5 the LED. In this case, a line segment that is from the rotation center O 
to the middle of either an absorption region 41a or a reflection region 
41b makes an angle of 02 with a line segment that is from the middle of 
either a neighboring reflection region 41b or a neighboring absorption 
region 41a to the rotation center O. 
10 In this case, if the number of characters formed on the turning 

bezel 202 is n (n is an even number), 02 = 360 /n (°). 

The first sensor unit 32, when a user turns the turning bezel 
202, alternately reads the absorption region 41a and the reflection 
region 41b of the optical pattern shown in the part (a) of Fig. 7, thereby 

□ 15 is able to generate the first detection signal A which has approximate 

EJ sinewave form as shown in the part (c) of Fig. 7. 

;jj In the same way, the second sensor unit 33 generates the 

; ft second detection signal B which has approximate sinewave form shown 

ill in the part (c) of Fig. 7. 

y 20 In the above case, the absorption region 41a, the reflection 

'-4 region 41b, the first sensor unit 32, and the second sensor unit 33 are 

^ placed so that the phase difference becomes a quarter of the wavelength 

H as described later. 

[1.1.3] ARRANGEMENT OF SENSOR UNIT 
25 Next, the angle 02 between the first sensor unit 32 and the 

1 5 second sensor unit 33 will be described. 

II In this embodiment, the first sensor unit 32 and the second 

sensor unit 33 are placed so that the angle 01 equals 02 plus 02/2. By 
this, when a user turns the turning bezel 202, a phase difference of a 

30 quarter of the wave length is produced between the first detection signal 
A generated by the first sensor unit 32 and the second detection signal 
B generated by the second sensor unit 33. 

As shown in Fig. 7, when a user turns the turning bezel 202 in a 
clockwise direction, the second detection signal has an advanced phase 

35 of one quarter of the wavelength to the first detection signal. On the 
other hand, when a user turns the turning bezel 202 in a 
counterclockwise direction, the second detection signal has a phase 
delay of one quarter of the wavelength to the first detection signal. By 
detecting these phase advance and delay, it becomes possible to 

40 determine direction of rotation of the turning bezel 202 as described 
later. 

[1.1.4] SCHEMATIC CONFIGURATION 

Next, with reference to Fig. 8, schematic configuration of the 
watch-type information processing apparatus 200 will be described. On 
45 the circuit board 221 shown in Fig. 2, a micro-processing unit (MPU) 
251, an oscillating unit 252, a charging and communication unit 253, a 
flash memory 254, an LCD driver 255, an LCD 256, an input output 
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interface unit 257, a voltage generating unit 258, a voltage determining 
unit 259, a RAM 260, an input information processing unit 261 are 
placed, and a bus 262 is formed to connect the above components. The 
output voltage of the secondary battery 220 is provided to the voltage 
5 generator 258 and the voltage determining unit 259. 

The micro-processing unit 251 controls the entire watch-type 
information processing apparatus 200. When performing this control, 
the micro processing unit 251 outputs control signals CNT1, CNT2, 
CNT3, and CNT4 to the oscillating unit 252. 
10 The oscillating unit 252, based on the control signals CNT1 to 

CNT4, generates and outputs clock signals CLK1 1 and CLK12. 

The charging and communication unit 253 is provided with 
electric power from the station 100 via the watch-side coil 210, and 
provides a charging current to the secondary battery 220. The charging 

□ 15 and communication unit 253 also performs data transmission and 

reception with the station 100 via the watch-side coil 210. 
;S The secondary battery 220 stores the charging current provided 

by the charging and communication unit 253. The battery voltage is 
provided to various units as power supply voltage for operation. 
20 The flash memory 254 is a non-volatile memory that stores 

rj displaying pattern data items for displaying various characters, and 

f functions as a character generator. 

□ The LCD driver 255, under controls of the micro-processing unit 
J 251, displays various data items on the display 256. 

U 25 The input output interface unit 257 determines operating 

y conditions of the confirmation switch 205, the delete switch 206, the 

~ sonant mark switch 207, and the starting point switch 208, and 

performs interface operation between the switches and the micro- 
processing unit 251. 
30 The voltage generating unit 258 receives the power supply 

voltage VCC from the secondary battery 220 and provides power supply 
voltage VCC1 for a quartz crystal oscillating circuit and system power 
supply voltage VCC2. 

The voltage determining unit 259 determines voltage of the 
35 power supply voltage VCC of the secondary battery. 

The RAM 260 temporarily stores various data items. 
The input information-processing unit 261 receives data items 
input with operation of the bezel 202 and performs data input 
processing. The data input processing is to provide the input data 
40 items to the MPU 251. 

Next, explanations will be given of detailed configurations of the 
oscillating unit 252, the voltage generating unit 258, and the input 
information-processing unit 261. 

FIG. 9 is a detailed configuration block diagram of the oscillating 
45 unit. The oscillating unit 252 comprises a quartz crystal oscillating 
circuit 51, a CR oscillating circuit 52, a PLL oscillating circuit 53, and a 
selector 54. 
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The quartz crystal oscillating circuit 51 is a low-speed oscillating 
circuit and, by receiving the control signal CNT2 and power supply 
voltage VCC1 for the quartz crystal oscillating circuit, outputs a clock 
signal CLK1 having low frequency (for example 32 kHz) for time keeping. 
5 The CR oscillating circuit 52 is a first high-speed oscillating 

circuit, based on the control signal CNT3, outputs a clock signal CLK11 
having high frequency (for example from 1 MHz to 8MHz) for 
information processing. 

The PLL oscillating circuit 53 is a second high-speed oscillating 
10 circuit, based on the control signal CNT4, outputs a clock signal CLK12 
having high frequency (for example from 4 MHz to 16MHz) for 
information processing. 

The selector 54, based on the control signal CNT1 from the 
information processing unit 81 (which is described later), selects either 

□ 15 the CR oscillating circuit 52 or the PLL oscillating circuit 53 and 
jy outputs the output signal of the selected circuit as a clock signal CLK2. 
M In the above case, the clock signal CLK1 from the quartz crystal 
u s oscillating circuit 5 1 is used for time keeping, and the clock signal CLK2 
J is used for information processing by the information processing unit 
a 20 81 (which is described later). 

Lj Here, explanation will be given of the configurations of the 

quartz crystal oscillating circuit 51, the CR oscillating circuit 52, and 

□ the PLL oscillating circuit 53. 

fJ The configuration of the quartz crystal oscillating circuit 51 is 

^ 25 shown in Fig. 10. The quartz crystal oscillating circuit 51 comprises a 
first inverter circuit 5 IE. Between the input terminal and the output 
terminal of the inverter circuit 51 are connected a quartz oscillator 51A 
and a resistor 5 IB in parallel with the first inverter circuit 5 IE. The 
quartz oscillator 51 A has an oscillating frequency of 32 kHz. The input 
30 terminal of the first inverter circuit 5 IE is connected to the lower 
voltage side power source (GND) via a capacitor 51C. The output 
terminal of the first inverter circuit 5 IE is connected to the lower 
voltage side power source (GND) via a capacitor 5 ID. A second inverter 
circuit 5 IF amplifies the output signal of the first inverter circuit 5 IE 
35 and outputs the clock signal CLK1 having a frequency of 32 kHz. 

The CR oscillating circuit 52 is shown in Fig. 11. The CR 
oscillating circuit 52 comprises a first inverter circuit 52B, a second 
inverter circuit 52C, and a third inverter circuit 52E which are 
connected in cascade. Between the input terminal and the output 
40 terminal of the inverter 52B, a feedback resistor 52 A is connected. 
Between the input terminal of the inverter 52B and the output terminal 
of the inverter 52C, a capacitor 52D is connected. The third inverter 
circuit 52E receives the oscillating signal from the second inverter 
circuit 52C, amplifies it, and outputs it as clock signal CLK1 1. 
45 The PLL oscillating circuit 53 is shown in Fig. 12. The PLL 

oscillating circuit 53 has a looping formation circuit which is formed by 
a phase comparator 53A, a charge pump 53B, a low pass filter (LPF) 
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53C, a voltage controlled oscillator (VCO) 53D, and a divider 53E. The 
phase comparator 53A compares a phase of the clock signal CLK1 and a 
phase of the output signal of the divider 53E, and outputs an output 
signal corresponding to phase difference between them. The charge 
5 pump 53B introduces a current into the LPF 53C in response to the 
output signal of the phase comparator 53A. The LPF 53C selects only 
lower frequency component of the output signal of the charge pump 
53B, and outputs it as a voltage control signal. The VCO 53D oscillates 
in a frequency corresponding to the voltage control signal output from 
10 the LPF 53C, and outputs the clock signal CLK12. The divider 53E 
divides the frequency of the clock signal CLK12 into an Nth of its 
frequency. 

In the above configuration, when there is a phase difference 
between the incoming clock signal CLK1 and the output signal of the 
Q 15 divider 53E, synchronization establishment is carried so as to reduce 
the phase difference and make the output signal of the divider 53E 
phase-locked with the clock signal CLK1. When the synchronization is 
established and a state of the PLL oscillating circuit reaches a 
synchronization maintained state where the output signal of the divider 
si 20 53E is kept to be in phase-locked with the clock CLK1, the phase 
~j comparator 53A outputs a lock-up signal CNT6 having the "H" level 

indicating the above information. 
□ Here, advantages and disadvantages of CR oscillating circuits 

jJ and PLL oscillating circuits will be explained. 

^ 25 CR oscillating circuits require about four time more power 

5? consumption than PLL oscillating circuits do, but the waiting time for 

*f constant oscillation of CR oscillating circuits is shorter than that of PLL 

oscillating circuits. For example, the waiting time for constant 
oscillation of CR oscillating circuits is about 5 msec. CR oscillating 

30 circuits, when used under its upper limited frequency of 1 MHz, is 
operable at a voltage that is lower than a lower limited voltage for the 
operation of PLL oscillating circuits (for example until as low as 1.5 V). 
Hereinafter, for the sake of convenience, a waiting time for constant 
oscillation of CR oscillating circuits is referred to as a first oscillation 

35 stability time, and a lowest limited operating voltage as a first lowest 
operating voltage. 

On the other hand, PLL oscillating circuits are able to oscillate 
until at a considerably high frequency with low power consumption. 
However, PLL oscillating circuits have long waiting time for constant 

40 oscillation (for example 50 msec), and its lowest operating limited 
voltage is high (for example 2 V). Hereinafter, for the sake of 
convenience, a waiting time for constant oscillation of PLL oscillating 
circuits is referred to as a second oscillation stability time, and a lowest 
limited operating voltage as a second lowest operating voltage. 

45 Therefore, CR oscillating circuits and PLL oscillating circuits 

have their merits and demerits. In this embodiment, by combining 
advantages of each oscillating circuits, a high-speed oscillating circuit 
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with low power consumption, low operating voltage, and short waiting 
time for constant oscillation is achieved. 

The voltage generating unit 258, as shown in Fig. 13, comprises 
a first constant voltage circuit 258A and a second constant voltage 
5 circuit 258B. The first constant voltage circuit 258A generates power 
supply voltage VCC1 for the quartz crystal oscillating circuit from the 
power supply voltage VCC. The second constant voltage circuit 258B is 
controlled by the control signal CNT5 and generates the system power 
supply voltage VCC2 from the power supply voltage VCC. 
10 Next, with reference to Fig. 14, detail of the input information- 

processing unit 261 will be described. The input information processing 
unit 261 comprises the information processing unit 81 which has a 
counter 813 for counting the number of pulses of the first detection 
signal A from the first sensor unit 32 and a counter 814 for counting 
□ 15 the number of pulses of the second detection signal B from the second 
=0 sensor unit 33. The first detection signal A and the second detection 

;S signal B are changed into detection pulse signals PA and PB by 

j ^J waveform shapers 811 and 812 respectively. These pulses are input to 

the counters 813 and 814. The input information-processing unit 261 
20 also comprises a judging unit 815 for determining direction of rotational 
1^ and location of the turning bezel 202 based on the counted values of the 

counters 813 and 814 and detection pulse signals PA and PB. In this 
Q case, the judging unit 815 judges direction of rotation based on, for 

{ d example, level ("H" or "L") of the detection pulse signal PB at positive 

j Jf 25 edge of the detection pulse signal PA. 

;Sf The input information processing unit 261, based on the first 

: {2 detection signal A generated by the first sensor unit 32 and the second 

detection signal B generated by the second sensor unit 33, generates 
information data and stores the information data confirmed by a user 

30 into the RAM 260. 

In the above case, the information-processing unit 81, by 
referring to information table on the flash memory 254 generates an 
information signal. The flash memory 254 stores conversion tables: one 
of the conversion table is used for converting the output data of the 

35 judging unit 815 into a code of character designated by the turning 
bezel, and one other conversion tables is used for converting the output 
of the judging unit 815 into a code of image data of the character 
designated by the turning bezel 202. The flash memory also stores 
information items corresponding to a location of the turning bezel 202, 

40 Based on the information signal, and by using the character generator 
in the flash memory 254, the LCD driver 255 displays characters and 
other information on the LCD 256. 

In addition, the information processing unit 81 can process 
following processing. 

45 For example, document files made on other personal computer 

may be transmitted to the apparatus via the charging and 
communication unit 253 and the station 100, then displayed on the 
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When a simple operating system (OS) is installed in the 
information processing unit 81, simple application programs can be 
made for the OS. Creatable application programs are for example 
5 schedule managing program and address data managing program. 
Further, importing and exporting data such as scheduling data and 
address data from other personal computer can be possible. Data 
processing such as data addition, data deletion, or data sorting can be 
possible. 

10 Next, roles of the starting point switch 208, the confirmation 

switch 205, the delete switch 206, and the sonant mark switch 207 will 
be described. 

The starting point switch 208 is a switch that changes the 
watch-type information processing apparatus into a state of an 

□ 15 information input. When the switch 208 is turned on, the counter for 
5 the number of pulses in the unit 81 is reset to "0" and the judging unit 
jjj 815 starts measuring rotation angle and direction of the turning bezel 

202 using the first sensor unit 32 and the second sensor unit 33. 

The confirmation switch 205 and the delete switch 206 are used 
j^j 20 for confirmation and deletion of the information items generated by the 
^1 information-processing unit 82. 

The sonant mark switch 207 is used for adding a sonant mark 

□ when the generated information item by the information-processing unit 
fJ 81 is a Japanese syllabary and requires a sonant mark. When the 

25 generated character is an alphabetic character, the switch 207 is used 
ff for switching the character between a capital letter and a small letter. 

[7 The information items generated by the information-processing 

unit 81 are not limited to character. Instruction codes for such as line 
feed and mode switching (for example, between time display mode and 
30 character input mode) may also be generated by the information 
processing unit 81. In this case, the information table on the flash 
memory 254 stores instruction codes for such as line feed and mode 
switching with correspondence with location of the turning bezel 202. 
Based on location of the turning bezel 202, the information-processing 
35 unit 81 generates instruction codes. 

[1.2] OPERATION OF THE INFORMATION PROCESSING UNIT 
AND THE OSCILLATING CIRCUIT 

Here, by paying an attention to operations of the information- 
processing unit 81 and the oscillating circuits 51, 51, and 53, an 
40 explanation will be given. FIG. 15 is a processing timing chart during 
time keeping operation and switching operation to information 
processing. 

[1.2.1] OPERATION DURING TIME KEEPING 

In an initial state, the control signal CNT2 output from the 
45 micro-processing unit 251 has the "H" level. The quartz crystal 
oscillating circuit 51 is in an operating state and outputs the clock 
signal CLK1 to the information-processing unit 81. The control signal 



Customer No. 20178 



Express Mail Label No. EL700476289US 



P5754a 




CNT1 has the "L" level. Thereby, the selector 54 selects the CR 
oscillating circuit 52. 

By this, the information-processing unit 81, based on the clock 
signal CLK1, performs time keeping operation and displays time on the 
5 display unit 104. 

While the information processing unit 81 displays time, the 
control signals CNT3 and CNT4 have the "L" level, and the CR 
oscillating circuit 52 and the PLL oscillating circuit 53 are in an 
inoperative state or a standby state. 
10 [1.2.2] SHIFT TO THE INFORMATION PROCESSING OPERATION 

At time tl in Fig. 15, the starting point switch 208 is used and a 
starting point signal becomes the "H" level. By this, the information- 
processing unit 81 is switched from time keeping operation to 
information processing operation. 
(3 15 By this, the micro processing unit 251 makes the control signals 

ifl CNT3 and CNT4 to the "H" level so that the CR oscillating circuit 52 and 

iB the PLL oscillating circuit 53 start oscillating. In this case, an early 

rJ stage oscillation stabilization frequency of the CR oscillating circuit 52 

;~ is about 1MHz, and an early stage oscillation stabilization frequency of 

l~ 20 the PLL oscillating circuit 53 is about 4MHz. 

''^i By this, the state of the CR oscillating circuit 52 gradually shifts 

to an oscillation stable state. In the above case, at time t2 which is 5 
q msec after beginning of oscillation, the CR oscillating circuit 52 is in an 

ijj oscillation stable state. The information-processing unit 81 starts its 

jy 25 operation using the clock signal CLK12 as the clock signal CLK2. 
0 On the other hand, at time t2 (a first oscillation stability time 

elapsed point: 5 msec elapsed point), the PLL oscillating circuit 53 is in 
l=s " an oscillation non-stable state. 

Subsequently, oscillation frequency of the CR oscillating circuit 
30 52 gradually increases, resulting in around 4 MHz. 

At time t3 (a second oscillation stability time elapsed point) 
where 50 msec has elapsed since the time t2, the PLL oscillating circuit 
53 also enters an oscillation stable state, where oscillation frequency is 
also around 4 MHz. 

35 Therefore, the micro-processing unit 251 makes the control 

signal to the "H" level and changes the selection of the selector 54 to the 

PLL oscillating circuit 53. 

After this, the information-processing unit 81 operates using the 

clock signal CLK12 as the clock CLK2. 
40 Further, at time t4, the micro-processing unit 251 makes the 

control signal CNT4 to the "L" level and stops oscillation of the CR 

circuit 52. 

Subsequently, the micro-processing unit 251 gradually raises 
oscillation frequency of the PLL oscillating circuit 53. By this, the 
45 watch- type information apparatus works at a desired high-speed 
frequency (for example 12 MHz, but in this embodiment 16 MHz). 

[1.2.3] OPERATION DURING DECLINING OF THE POWER 
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SUPPLY VOLTAGE 

FIG. 16 is a processing timing chart when power supply voltage 
declines. The information-processing unit 81, in a case where 
information processing is performed in a steady state, uses the clock 
5 signal CLK12 which corresponds to oscillation frequency of the PLL 
oscillating circuit 53 as the clock signal CLK2 as mentioned above. 

However, there can be a case where the declining of the power 
supply voltage stops the operation of the PLL oscillating circuit 53. 
That is, when the power supply voltage becomes lower than the second 
10 lowest operating voltage, the PLL oscillating circuit 53 cannot operate 



Therefore, the MPU 251, based on the result of the voltage 
determining unit 259, when the power supply voltage declines to a 
voltage which is higher or equal to the first lowest operating voltage and 
i3 15 lower than the second lowest operating voltage, selects the CR 
•A oscillating circuit 52. When the power supply voltage further declines 

m to lower than the first lowest operating voltage, the information- 

i"iJ processing unit 81 is stopped. 

;AJ It is assumed that, in this case, the voltage determining unit 259 

I s *; 20 determines voltage, for example, every hour on the hour. 

^ To be concrete, at time tl in Fig. 16, the voltage determining unit 

259 determines voltage of the secondary battery 220. When the voltage 
13 reaches a prescribed switching voltage (for example, in the above case, 

!h about 2.2 V), the micro-processing unit 251 starts the CR oscillating 

ry 25 circuit 52 by making the control signal CNT4 to the "H" level at time t2. 
0 The micro-processing unit 251 gradually lowers oscillation 

j 3 frequency of the PLL oscillating circuit 53 to around 4 MHz. 

^ At time t3, oscillation frequency of the CR oscillating circuit 52 

has already reached 4 MHz. Therefore, the micro-processing unit 251 
30 makes the control signal CNT1 to the U V level and changes the selection 

of the selector 54 to the CR oscillating circuit 52. 

Therefore, after this, the information-processing unit 81 operates 

using the clock signal CLK11 as the clock CLK2. It becomes possible to 

perform information processing operation until power supply voltage 
35 declines to around 1.5 V which is the lowest operating voltage of the CR 

oscillating circuit 52. 

Further, at time t4, the micro-processing unit 251 makes the 

control signal CNT3 to the "L" level and stops oscillation of the PLL 

circuit 53. 

40 Subsequently, the voltage determining unit 259 measures 

voltage of the secondary battery 220. When the voltage of the secondary 
battery 220 reaches around 1.5 V which is the lowest operating voltage 
of the CR oscillating circuit 52, the micro-processing unit 251 notifies 
this to the user. By this, the micro processing unit 251 urges the user 

45 to charge secondary battery or change battery. 

Further, at time t5 when the voltage determining unit 259 
measures voltage of the secondary battery 220, if power supply voltage 



properly. 
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is lower than 1.5 V, the MPU 251 makes the control signal CNT4 to the 
"L" level and stops oscillation of the CR oscillating circuit 52 at time t6. 

As a result, the information processing unit 8 1 stops information 
processing operation and continues to performs time keeping operation 
5 until power supply voltage becomes the lowest operating voltage of the 
quartz crystal oscillating circuit 51 of around 1 V. 

[1.3] EFFECT OF THE FIRST EMBODIMENT 

As described above, according to the first embodiment of the 
present invention, by using CR oscillating circuit and PLL oscillating 
10 circuit selectively, it becomes possible to provide a low power- 
consumption, short waiting-time for stable oscillation, low operating 
voltage information-processing apparatus. 

In addition, so far, when using software which places a 
significant burden on the overall performance of the operation such as 
□ 15 browser, high-speed clock is required in order to use it without 
o frustration. In this embodiment, by using CR oscillating circuit, when 

0 battery voltage declines and PLL oscillating circuit becomes unable to 

^ operates, although speed of display becomes slow, displaying is not 

impossible, and even in very low voltage it becomes possible to continue 
~* 20 to display. 

j In addition, it becomes possible to start application software 

from time keeping operation. 
3 Further, when battery voltage declines considerably, it is 

J possible to operate information-processing unit, thus enabling using 

^25 application software in a very low battery voltage, 
j [2] SECOND EMBODIMENT 

As described in the explanation for the first embodiment above, 
PLL oscillating circuit operates at low power consumption even at high 
frequency, but requires long waiting time for stable oscillation. 
30 In order to avoid this, following measures are used in 

conventional PLL oscillating circuit. 

(1) Using two low pass filters (LPF); when starting to use PLL 
oscillating circuit LPF with small time constant is used, and when 
oscillation becomes stable LPF with large time constant is used. 
35 (2) Using two low pass filters (LPF); when one LPF is used, the 

other LPF is prepared to lock up with other frequency. 

(3) When PLL oscillating circuit has a charge pump for 
analog/ digital conversion of the output signal of phase comparator, 
increasing a control current for charge pump at starting up PLL 
40 oscillating circuit. 

Measures (1) and (2) cannot make lock-up time to zero, and 
measure (3) makes device configuration complicated and circuit bigger. 

Accordingly, a second embodiment provides shorter lock-up time 
than the PLL oscillating circuit of the first embodiment does, enabling to 
45 shift to higher frequency operation in information processing operation. 

In the following explanation, configuration except PLL oscillating 
circuit is the same as that of the first embodiment, so mainly PLL 
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oscillating circuit will be described. 

[2.1] SCHEMATIC CONFIGURATION OF THE PLL OSCILLATING 
CIRCUIT 

A PLL oscillating circuit 53, as shown in Fig. 17, comprises a 
5 phase comparator 53A, a charge pump 53B, an LPF 53C, a voltage 
controlled oscillator (VCO) 53D, a D/A converter 53F, a divider 53E, an 
A/D converter 53G, and an adder 53H. 

The phase comparator 53A compares phase of the clock signal 
CLK1 and phase of the output signal of the divider 53E and outputs a 
10 digital output signal that corresponds to phase difference. 

The charge pump 53B, based on the output signal of the phase 
comparator 53A, outputs a difference voltage that is proportional to the 
phase difference (frequency difference) of the clock signal CLK1 and a 
comparison clock signal CLK12/N. 
q 15 The LPF 53C passes only low frequency component of the output 

U signal of the charge pump 53B and outputs it as a voltage control signal 

m scvi. 

iU The VCO 5 3D, based on the voltage control signal SCV output 

;*f from the adder 53H, controls oscillation frequency of the clock signal 

I": 20 CLK12 and outputs it to the divider 53 E. 

ri The D/A converter 53F converts a digital signal from the 

„ " information-processing unit 81 into an offset voltage signal SCV2. The 

□ adder 53H adds the voltage control signal SCVI to the clock control 

y signal CLK12 to generates the voltage control signal SCV. 

ry 25 The divider 53E divides frequency of the clock signal CLK12 into 

g an Nth of its frequency and outputs it to the phase comparator 53 A as a 

;^ comparison clock signal CLK12/N. 

'•^ The A/D converter 53G A/D converts the output voltage of the 

LPF 53C into digital data indicating the output voltage and outputs it to 
30 the information-processing unit 81 when the PLL oscillating circuit is 
locked during examination. 

[2.2] DETAILED CONFIGURATION OF THE PLL OSCILLATING 
CIRCUIT 

[2.2.1] PHASE COMPARATOR AND CHARGE PUMP 
35 FIG. 18 is a detailed block diagram of a phase comparator and a 

charge pump that is connected to latter part of the PLL oscillating 
circuit. 

Circuit configurations of the phase comparator 53A and the 
charge pump 53B will not described in detail since they are widely 

40 known. With reference to a timing chart of Fig. 19, operations of these 
two circuits will be described. 

In the timing chart of the Fig. 19, an output signal U becomes 
the "L" level when the phase of the comparison clock signal CLK12/N is 
advanced to that of the clock signal CLK1 or when the frequency of the 

45 clock signal CLK12/N is higher than that of the clock signal CLK1. The 
comparison clock signal CLK12/N is a clock signal obtained by 
frequency dividing of the clock signal CLK12. 



Customer No. 20178 



Express Mail Label No. EL700476289US 



P5754a 



18 



The output signal D becomes the "L" level when the phase of the 
comparison clock signal CLK12/N is delayed to that of the clock signal 
CLK1 or when the frequency of the clock signal CLK12/N is lower than 
that of the clock signal CLK1. 
5 When the phase of the comparison clock signal CLK12/N is 

equals to the phase of the clock signal CLK1 at the rising timing, the 
both output signals U and D becomes the "H" level. This state 
corresponds to a so-called locked state of the PLL oscillating circuit 53. 

At this state, both a p-channel transistor and an n-channel MOS 
10 transistor that comprise the charge pump 53B becomes the OFF state, 
and the output of the charge pump 53B is put in a high impedance 
state. 

On the other hand, at time tl and t2 as shown in a timing chart 
in Fig. 19, in a case where the phase of the comparison clock signal 
;=2 15 CLK12/N is advanced to the phase of the clock CLK1, or where the 
iQ frequency of the clock signal CLK12 is higher than that of the clock 

IB signal CLK1, the output signal U becomes the "L" level during the time 

iy interval between the negative edge of the clock signal CLK12/N and the 

\¥ negative edge of the clock signal CLK1. The time interval is proportional 

20 to the phase difference or the frequency difference. At this time, the 
;ft output signal D remains the "H" level. 

In the same way, at time t3 and t4 in Fig. 19, in a case where the 
□ phase of the comparison clock signal CLK12/N is delayed to the phase 

y of the clock CLK1, or where the frequency of the clock signal CLK12 is 

!U 25 lower than that of the clock signal CLK1, the output signal D becomes 
0 the "L" level during a time period corresponding to the phase difference 

! 3 or the frequency difference. At this time, the output signal U remains 

■ !=t the "H" level. 

When these output signals U and D is output from the phase 
30 comparator 53A to the charge pump 53B, a p-channel transistor 
becomes ON only while the output signal U has the "L" level, and an n- 
channel MOS transistor becomes ON only while the output signal D has 
the "L" level. 

Therefore, the LPF 53C that is connected to following stage of the 
35 charge pump 53B outputs a direct current voltage corresponding to the 
phase difference (frequency difference) between the clock signal CLK1 
and the comparison clock signal CLK12/N (see Fig. 19). 

The above description is about CMOS configured phase 
comparator. However, the above description may be applied to a bipolar 
40 configured phase comparator. 
[2.2.2] LPF 

Fig. 20 shows a detailed configuration of the LPF, and equations 
of natural angular frequency and dumping factor of the LPF. The LPF 
53C shown in Fig. 20 is a so-called lag-lead filter, so the LPF 53C is a 
45 conventional LPF. From a viewpoint of operating speed, the LPF 53C is 
worse than an active filter with an amplifier, but has enough usefulness 
when configured in CMOS circuit. When PLL IC is configured with an 
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LPF of CMOS circuit, lockup time can be reduced to around 10 msec. 

In the above case, the natural angular frequency con and the 
dumping factor £ are shown as follows: 

5 con = V {K p *Kv/-(Ti+T 2 )*N} 

£ = on/ 2 • (T 2 +N/Kp#K v ) 

Variables in the above equations are as follows: 
10 Kp : gain constant of the phase comparator (V/rad) 

Kv : gain constant of the voltage controlled oscillator (rad/sec/V) 
N : divisor of the divider 

[2.2.3] VOLTAGE CONTROLLED OSCILLATOR 

Fig. 21 shows a detailed configuration of voltage controlled 
Q 15 oscillator constructed with CMOS. Since the circuit configuration of the 
! B voltage controlled oscillator in Fig. 21 is widely known, explanation of 

|5j its configuration will be omitted, and only operation will be described. 

! ^ The voltage controlled oscillator 53D is constructed with CMOS, 

so input impedance is high and the degree of design freedom of the LPF 
20 53C, the preceding circuit, increases. 
lj In Fig. 21, when the control signal SC has the "H" level, the p- 

channel transistor P3 becomes OFF, thus enabling to stop oscillation. 
□ When the control signal SC has the "L" level, the voltage 

j=y controlled oscillator 53D becomes operating state, and since an n- 

•!: 25 channel transistor Nl is constructed in a source follower configuration, 
^ if a resistor Rl has high resistance enough, the drain current of the n- 

j~f channel transistor Nl changes in linear relation with the voltage control 

! ~ signal SCV. 

Therefore, currents of the p-channel MOS transistors PI and P2 
30 change in the same manner. As a result, drain currents of the p- 
channel MOS transistors PI and P2 changes in linear relation with the 
voltage control signal SCV. 

On the other hand, gates Gl and G2 construct a flip-flap circuit, 
and a p-channel transistor P4, an n-channel transistor N2, a p-channel 
35 transistor P5, and an n-channel transistor N3 work as switches. 

When the output of the gate Gl has the "L" level, the output if 
the gate G2 has the "H" level, the p-channel transistor P5 and the n- 
channel transistor N2 are in ON state, and the p-channel transistor P4 
and the n-channel transistor N3 are in OFF state. 
40 Therefore, the input of the inverter INV becomes the lower side 

power supply voltage VSS, and electrical potential at the input terminal 
of the inverter INV5 rises because the capacitor CI is charged by drain 
current of the p-channel transistors P2 and P5. Further, when output 
signal levels of the inverter INV5 to INV8 is reversed, outputs of the gate 
45 Gl and G2 that comprise a flipflap circuit are reversed. 

Next, output of the gate Gl becomes the "H" level, output of the 
gate G2 becomes the "L" level, the p-channel transistor P5 and the N- 
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channel transistor N2 become to OFF state, and the p-channel 
transistor P4 and the n-channel transistor N3 become to ON state. 
Therefore, the capacitor CI is charged by drain current of the p-channel 
transistor P2 and P4. Then electrical potential at the input terminal of 
5 the inverter INV1 rises. Then, the output level of the inverters INV1 to 
INV4 is reversed. The same operation repeats after this. 

In this case, the charging current of the capacitor CI can be 
controlled by voltage of the voltage control signal SCV. Therefore, 
frequency of the clock signed CLK12 is changeable. 
10 [2.3] OPERATION OF THE INFORMATION PROCESSING UNIT 

AND THE OSCILLATING CIRCUIT 

Here, operations of the information-processing unit 81, the CR 
oscillating circuit 52, and a PLL oscillating circuit 53 will be described. 
[2.3.1] OPERATION DURING KEEPING TIME 
^ 15 When the information-processing unit 81 displays time, as 

!g mentioned above for the first embodiment, the PLL oscillating circuit 53 

;t| is in an inoperative state or a standby state under a control of the micro 

m processing unit 259. 

|aJ By this, the information-processing unit 81, based on the clock 

1^20 signal CLK1, carries out time keeping operation and displays time on 

the display unit 204. 
H [2.3.2] SHIFT TO THE INFORMATION PROCESSING OPERATION 

ij=3 When the operation of the information processing unit 81 is 

jH switched from time keeping operation to information processing 

ry 25 operation, the micro processing unit 259 starts oscillation of the PLL 
6 oscillating circuit 53 as in the case of the first embodiment. 

Q In this case, the micro processing unit 259 sets an output 

^ voltage data stored in a register (not shown) or a non-volatile memory of 

flash memory 254 corresponding to an output voltage of the LPF 53C, 
30 which output voltage is voltage of during a pre-conducted examination 
and is voltage when the PLL oscillating circuit 53 is locked. 

By this, the D/A converter 53F generates an offset voltage signal 
SCV2 that corresponds to an output voltage of the LPF 53C at a pre- 
conducted examination. The offset voltage signal SCV2 is supplied to 
35 the VCO 53D via the adder 53H. As a result, the VCO 53D starts 
oscillation at a frequency which nearly equals to the frequency at which 
the PLL oscillating circuit 53 is in lock up state. 

On the other hand, the phase comparator 53A compares the 
phase of the clock signal CLK1 and the phase of the output signal the 
40 divider 53E and outputs a (digital) output signal corresponding to the 
phase difference between the above two signals to the charge pump 
53B. 

The charge pump 53B, based on the output signal of the phase 
comparator 53A, outputs a difference voltage proportional to the phase 
45 difference (frequency difference) between the clock signal CLK1 and the 
comparison clock signal CLK12/N to the LPF 53C. 

The LPF 53C passes lower component of the output signal of the 
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charge pump 53B and outputs it as the voltage control signal SCV1. 

As a result, the input terminal of the voltage controlled oscillator 
(VCO) 53D receives the voltage control signal SCV which is produced by 
s applying the offset voltage signal SCV2 on the voltage control signal 
5 SCV 1, the clock signal CLK12 having a frequency corresponding to the 
voltage control signal SCV is generated, and the clock signal CLK12 is 
output to the information processing unit 81 and the divider 53E. 

The divider 53E divides the clock signal CLK12 output by the 
voltage controlled oscillator 53D and outputs the divided signal as the 
10 comparison clock signal CLK12/N to the phase comparator 53A. Thus, 
frequency of the clock signal CLK12 output by the voltage controlled 
oscillator 53D is locked in a desired frequency. 

[2.4] EFFECT OF THE SECOND EMBODIMENT 
As described above, according to the second embodiment, at the 
15 beginning of the operation of the PLL oscillating circuit 53, since the 
]q input terminal of the voltage controlled oscillator (VCO) 53D receives the 

|S voltage control signal which is produced by applying the offset voltage 

IU signal SCV2 on the voltage control signal SCV 1, lockup time TRU of 

\M this embodiment (10 msec as shown in Fig. 22) becomes shorter than 

j ™ 20 lockup time of conventional PLL oscillating circuit (50 msec as shown in 
Q Fig. 23). 

" Therefore, compared to conventional way, it is possible to 

J 3 quickly start information processing operation. Further, from a 

y viewpoint of control program, it is possible to omit waiting time routine 

jlj 25 that holds operation until the PLL oscillating circuit becomes stable, 
O thereby enabling to ease software development. 

□ Further, it is possible to improve response in various operation 

i~ of the information processing apparatus. 

[2.5] MODIFICATIONS OF THE SECOND EMBODIMENT 
30 [2.5.1] FIRST MODIFICATION 

In the above description, the A/D converter 53G determines 
voltage of the LPF 53C when the PLL oscillating circuit 53 is locked 
during examination conducted in advance. Then the A/D converter 
53G A/D converts the output voltage data that corresponds to this 
35 voltage and outputs it to the CPU. However, it is possible to configure 
as follows. At a prescribed timing (on every predetermined hour, for 
example), the control voltage input to the voltage controlled oscillator 
when the PLL oscillating circuit is locked up is A/D converted and set 
as a- new output voltage data, thus, correcting the offset voltage in real- 
40 time. 

By this, it is possible to set an offset voltage based on the newest 
data, to remove errors of environmental factor such as temperature 
change, and to reach the lock up state more quickly. 

[2.5.2] SECOND MODIFICATION 
45 In the above description, D/A converter is used for generating 

the offset voltage signal SCV2. However, as shown in Fig. 24, it is 
possible to generate a desired offset voltage signal SCV2 by using an 
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externally attached ladder-resistor 53J and selecting a tap location by 
the selector 531. 

In addition, if a prescribed voltage is necessary as an offset 
voltage, it is possible to omit the selector 531 from the above 
5 configuration. 

[3] MODIFICATIONS OF THE EMBODIMENTS 
[3.1] FIRST MODIFICATION 

In the above description, when a prescribed oscillation stable 
time has passed, oscillating circuit in use is switched from CR 
10 oscillating circuit to PLL oscillating circuit. However, this switching 
may be carried out based on a signal indicating that PLL oscillating 
circuit has locked up (in the above-mentioned embodiment, the control 
signal CNT6 having "H" level). 

[3.2] SECOND MODIFICATION 
=b 15 In the above description, for a first oscillating circuit, an 

g explanation is given only of a case of a CR oscillating circuit. However, 

3 it is possible to use a configuration that comprises a quartz oscillator 

y circuit or a ceramic oscillating circuit on the assumption that it is used 

a* until the oscillation of the PLL oscillating circuit becomes stable. 

^ 20 [3.3] THIRD MODIFICATION 

^ In the above description, an explanation is given only of a watch- 

^ type information processing apparatus. However, if an information 

3 processing apparatus is a twin-clock type information processing 

d apparatus, it is possible to apply the present invention to a personal 

U 25 digital assistant (PDA), a portable information processing apparatus 
fl such as a note book type personal computer, or especially a information 

□ processing apparatus using a secondary battery. 

^ [3.4] FOURTH MODIFICATION 

In the above explanation, oscillations of CR oscillating circuit 
30 and PLL oscillating circuit are started at the same time. However, it is 
possible to start CR oscillating circuit first and then start PLL oscillating 
circuit. In this case, from the oscillation of the CR becomes stable to 
the oscillation of the PLL oscillating circuit becomes stable, the output 
signal of the CR oscillating circuit is used. After the oscillation of the 
35 PLL oscillating circuit becomes stable, the output signal of the PLL 
oscillating signal is used. 

[3.5] FIFTRH MODIFICATION 

In the above explanation, one case is explained where a control 
program for selecting from two oscillating circuits which have different 
40 oscillation stability time and operating voltage is stored on memory of 
the watch- type information processing apparatus. 

However, a program for making an information processing 
apparatus function in a same way as a watch-type information 
processing apparatus disclosed in the above embodiments may be 
45 stored on a network-connected computer to distribute through a 
telecommunication line. 

Also, such program may be recorded on a recording medium 
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(such as semiconductor memory, magnetic optical disc, or magnetic 
disc) readable by a computer to be distributed. 

In this case, as an interface for installing the control program in 
the information processing apparatus, a conventional connector, optical 
communication using for example infrared light, or magnetic 
communication using magnetic connection, may be used. 

Then the program is stored on memory of the information 
processing apparatus, and the microprocessor executes the program. 

[3.6] SIXTH MODIFICATION 

In the above explanation, CR oscillating circuit and PLL 
oscillating circuit are used selectively based on the operating voltage or 
the oscillation stability time which is a time required for the oscillation 
to be stable. Namely, the CR oscillating circuit whose oscillation 
becomes stable quickly is first used, then the PLL oscillating circuit 
which consumes small power consumption and can oscillate at a high 
frequency is used. Also, when the power supply voltage becomes lower 
than voltage the PLL oscillating circuit can operate at, the CR oscillating 
circuit which can operate at low voltage is used. 

However, the number of oscillating circuits is not limited to two. 
The present invention can be applied to a case where more than two 
oscillating circuits are used. In this case, the selection of the oscillating 
circuit to be used may be made by considering, for example, the 
operating voltage, the oscillation stable time, and the power 
consumption of these oscillating circuits. 
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